Living organisms are able to adapt to oxidative stress by inducing the synthesis of antioxidant enzymes and damage removal/repair enzymes (MARTÍNEZ-ÁLVAREZ et al. 2005 , GABRYELAK 1983 . SOD is an important antioxidant enzyme to inhibit oxyradical formation and is usually used as a biomarker to indicate oxidative stres. Superoxide dismutase, a cytosolic enzyme that is specific for scavenging superoxide radicals, is involved in protective mechanisms within tissue injury following oxidative process and phagocytosis (JIA et al. 2010 , LOPEZ-TORRES et al. 1993 . The higher the SOD value is, the more superoxide radicals need to be reacted. Four types of SOD have been identified on the basis of their metal cofactors and distribution. Manganese is present in mitochondrial SOD, whereas cytosolic SODs contain Cu and Zn. The copper zinc form (Cu/ZnSOD) is most common with a primary distribution in the cytoplasm of eukaryotic cells (HIDALGO et al. 2002 , ANDRADE et al. 2007 .
On the other hand, some nonenzymatic antioxidants are micronutrients which derive directly from the diet, while others must be appropriately supplied in order to maintain the necessary concentrations in the body (HIDALGO et al. 2002 , SEVEN et al. 2010 . Antioxidant vitamins (mainly A, C and E vitamins) Effects of dietary propolis and vitamin E on growth performance and antioxidant status in blood of juvenile Rainbow trout, Oncorhynchus mykiss (Teleostei: Salmoniformes) under different flow rates ZOOLOGIA 29 (2): 99-108, April, 2012 also directly scavenge ROS and upregulate the activities of antioxidant enzymes. Vitamin A (retinol and some retinol metabolites) and pro-vitamin A carotenoids (mainly beta-carotene) are well known dietary antioxidants, respectively, derived from animal and plant sources (QUILES et al. 2002) . Vitamins C (ascorbic acid) and E (␣-tocopherol) are among the most important nutrients influencing the organism immune system and their supply can reduce fish mortality and improve performance. Vitamin C is a potent antioxidant that offers protection against oxidative damage to various fish tissues. Vitamin E has proven beneficial in protecting cellular membranes against oxidation, increases the resistance to stress (CHOI et al. 2004 , FANG et al. 2002 , HENRIQUE et al. 1998 .
Propolis is a resinous material collected by bees from bud and exudates of plants, which is mixed with products of their salivary glands and wax. Its color varies from green, red to dark brown. Propolis has been used in folk medicine since ancient times. Propolis has attracted researchers' interest in the last decades because of several biological and pharmacological properties, such as immunomodulatory, antitumor, antimicrobial, anti-inflammatory, and antioxidant, among others (TALAS & GULHAN 2009 ). The anti-oxidative, cytostatic, anti-mutagenic and immunomodulatory properties of propolis are based on its rich, flavonoid, phenolic acid and terpenoid contents (KIMOTO et al. 1999 , PRYTZYK et al. 2003 , WANG et al. 2004 .
In recent years, there has been a great deal of studies carried out on propolis metabolism, but none of these studies investigated effect of the propolis and vitamin E on biochemical parameters of juvenile rainbow trout under hypoxic stress. Thus, this study aimed to investigate the effects of vitamin E and propolis on growth performance and oxidative-antioxidative system in stressed and unstressed rainbow trout.
MATERIAL AND METHODS
Rainbow trout, Oncorhynchus mykiss (Walbaum, 1792), produced at the Çirçir Hatchery (Elazig, Turkey) were transferred to Keban Dam Lake General Directorate of State Hydraulic Works Laboratory. After the acclimation, fish were selected and randomly stoced. Fish (initial weight and length, 42.27 ± 2.14 g, 14.23 ± 0.71 cm, respectively) were distributed into 24 fiberglass rectangular (200 cm × 40 cm × 40 cm) tanks with a 4×2×3 experimental design (4 diets group × 2 flow rates × 3 replicate groups) with a density of 20 juvenile rainbow trout per tank. Experiments were conducted in a tank, supplied with well water two different flow rates, 2.1 and 0.9 l/min. The flow rates that were determined for the low and optimal flow rate groups were stabilized through the use of the water inflow control valves (TUNA KELESTEMUR & OZDEMIR 2010) .
The investigation was initiated after the levels of dissolved oxygen were attained at 7.6 mg/l at a flow rate of 2.1 l/min and 4.5 mg/l at a flow rate of 0.9 l/min. The pH of the water in the tanks where the fish were situated was determined by a por- Table I , some other physical and chemical values of used water. Before the fish were anesthesia (15 mg/l Quinaldin), these body weights were measured one every two weeks. Composition of the basal diet is shown in Table II . The basal composition of the experimental diets was based on National Research Council (NCR 1993) .
Experimental diets supplemented with 10, 30 g/kg propolis (respectively; P10, P30), 60 mg/kg vitamin E (Rovimix E-50 adsorbate; min.%50 dl-␣-tocopherly acetate) (E60) dry diet and basal diet (C) (not supplemented diet of propolis and vitamin E) were prepared. Vitamin E is subsequently added to the E60 diets, no supplemental vitamin E was added to the basal (C), P10 , and P30 diets. During two week conditioning period, fish were fed basal diet to adjust to the experimental conditions and to deplete body reserves of vitamin E.
The prepared pellets were dried in 24 hours at 45°C and during the trial were stored at +4°C. Dry matter (105°C, overnight), ash (550°C, overnight), crude protein (nitrogen×6.25), ether extract, crude fibre of diets were analyzed by methods of AOAC (1990) . Fish were fed three times per day at a feeding rate of 3% body weight per day for 12 weeks.
Propolis samples were collected from Elazig province (Eastern Anatolia, Turkey). Handcollected propolis samples were kept dried in the dark until processing. Propolis samples were extracted for a week with 100 ml of 70% ethanol, at room temperature to obtain the extract (BLONSKA et al. 2004) . After filtration, the extract was evaporated by using a vacuum evaporator at 50°C. Afterwards the extract was used in the experiment. Gas chroma-tography-mass spectrometry analyses were carried out to detect the main components of propolis by an Agilent GC 6890 gas chromatograph, coupled to an Agilent MSD 5973 mass detector under electron impact ionization mode. The gas chromatography column was Zebron (ZB-1) methyl polysiloxane (30 ml × 0.25mm 10 × 0.25 mdf). Helium was used as carrier gas at a flow rate of 10 ml/min. Propolis samples were analyzed with the column held initially at 100°C for five minutes and then increased to 150°C and kept at 150°C for two minutes. Finally, the temperature of the sample was raised to 280°C with a ramp rate of 2°C/min, and it was kept constant at 280°C for 60 minutes. The injection was performed in split mode at 250°C and the peaks were identified by computer searches in commercial reference libraries. The main components of propolis samples were determined by considering their areas as percentage of the total ion current. The main compounds of propolis samples are identified and listed in Table III. Finally of the experements, blood was obtained from the caudal vasculature of ten fish per tank after the anesthetic process. Serum samples were collected from tubes blood by centrifugation. Plasma samples were collected from heparinized blood by centrifugation. Serum and plasma was then separated and stored at -20°C until analyzed (ATAMANALP & BAYIR 2003) . The ion current generated depends on the characteristics of the compound concerned and it is not a true quantitation. Serum samples were transferred into polyethylene tubes and 0.5 ml HClO 4 (0.5 M), 4.5 ml distilled water and 100 ml-500 ppm 2(6)-di-tert-butyl-p-cresol (BTH) was added to the tubes. Then, the samples were centrifuged at 3500 rpm for 5 min and the supernatants were injected into the HPLC. The mobile phase was 30 mM KH 2 PO 4 -methanol (82.5+17.5, v/v%, pH 3.6) mixture and the flow rate was 1.2 ml min -1
. The chromatograms were detected at 250 nm and the injection volume was 20 ml (MILLER et al. 1984) .
Serum samples were transferred into polyethylene tubes and 2 ml of ethanol was added to the tubes. Following the addition of 0.3 ml n-hexane that is required for the vitamin extractions into the tubes, they were centrifuged. This step was repeated for two times. N-hexane in the tubes was evaporated using nitrogen. Then the residues were dissolved in the mobile phase (methanol: acetonitrile: chloroform; 47:42:11,v/v/v) . The chromatographs were monitored at 326 and 296 nm for vitamins A and E, respectively and the injection volume was set to 50 ml. Techsphere ODS-2 packed column (5 mm particle, 250× 4.6 ID) was used and the flow rate was 1.0 ml min -1 (KARATEPE 2004).
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Superoxide dismutase was assayed by the method reported by MCCORD & FRIDOVICH (1969) . The SOD activity was measured using the RANSOD kit. The role of SOD is to accelerate the dismutation of the toxic superoxide radical, produced during oxidative energy processes, to hydrogen peroxide and molecular oxygen. The reaction was based on its inhibitory effect on the rate of superoxide-dependent reduction of nitroblue tetrazolium (NBT) by xanthine-xanthine oxidase that was monitored at 505 nm with a spectrophotometer.
All the values were presented as mean ± S.E. Differences between group means were assessed by a one-way analysis of variance (ANOVA) and post-hoc Duncan test used by SPSS/PC computer program (SPSS for Windows, 10.1 SPSS Inc., 1999). Results with p < 0.05 were considered statistically significant. The differences between the same two diet group with various flow were analyzed by Student's t-test (Microsoft Office pacet programe, 2007, p < 0.05).
RESULTS

FW, CF, FCR and PER values
FW, CF, FCR and PER values of rainbow trout are presented in Table IV . The highest final weigth was obtained in the 30 g propolis supplemented group (p < 0.05), followed by the 10 g propolis supplemented group (p < 0.05) and 60 mg vitamin E supplemented group, while the lowest growth rate was obtained in the C group (p < 0.05) for both flow rate treatments. CF and PER were not different among all diets groups for both flow rate treatments. The FCR improved in P10, P30 and E60 diets groups compared to C diet groups at 2.1 l/min flow rate. The FCR of E60 and P30 were found to be better than C and P10 diet groups at 0.9 l/min flow rate.
Accordig to Student t-test, it was obvious that FW, CF, FCR and PER values of fishes in all diets groups were negatively affected by low flow rate (Fig. 1) .
Serum Vitamin A, E and C concentrations
Serum vitamin A, C and E concentrations of fish fed with the various experimental diets are presented in Table V . There was no significant difference in serum vitamin A concantrations of experimental diet groups for both flow rate treatments. Vitamin E levels in serum increased in E60 group compared to those of C group and propolis supplemented diet groups (P10, P30) for both flow rate treatments. Serum vitamin C concentration was significantly affected by 30 g propolis supplemented diet group, followed by the 10 g propolis supplemented diet Figure 1 . Effects of dietary supplementation with propolis and vitamin E on FW (final weigth), CF, FCR and PER in juvenile rainbow trout reared at two flow rate (2.1 and 0.9 l/min) during the 12 week experiment. Data are presented as means ± SE (n = 3 replicates). A Student's t-test was used to test for different flow rate treatment effects (p < 0.05).  2.1 l/min,  0.9 l/min. group as well as serum vitamin C concentration was similarly affected in C and E60 diet groups for both flow rate treatments (Tab. IV).
The results of Student's t-test showed that vitamin A, E and C concentrations in serum were negatively affected by low flow rates in all diets groups (Fig. 2) .
Serum MDA levels and Plasma SOD activity
Shown in Table VI , serum MDA levels and plasma SOD enzyme activites of fish fed with the various experimental diets at 2.1 and 0.9 l/min flow rate treatments. The results of one-way ANOVA test showed that serum MDA levels of fish were positively affected by dietary supplementation of propolis and vitamin E. Serum MDA level was significantly affected by 60 mg vitamin E supplemented diet group, followed by the 30 g propolis supplemented diet group for both flow rate treatments (Tab. VI). Besides, serum MDA level of C and P10 diets groups was found significantly higher than P30 and E60 diet groups. However, Serum MDA levels were similarly affected in C, and P10 diet groups for both flow rate treatments (Tab. VI). Plasma SOD activity of C, P10, P30 and E60 groups were found as 13.89, 12.02, 12.11, 8.13 U/ml, respectively at 2.1 l/min and plasma SOD activity of C, P10, P30 and E60 groups were found as 4.4, 4.3, 4.2, 4.3 U/ml, respectively at 0.9 l/min flow rate. Plasma SOD activity significantly decreased in the E60 group compared to other groups at 2.1 l/min flow rate. But plasma SOD activity was not different among all diet groups at 0.9 flow rate (Tab. VI).
The results of Student's t-test showed that serum MDA levels of fishes exposed to 0.9 l/min flow rate in all diet groups significantly increased while plasma SOD enzym activity of fishes exposed to 0.9 l/min flow rate significantly decreased in all diet groups compared to unstressed groups (Fig. 3) .
DISCUSSION
Hypoxia has been recognized as one of the main mass mortality factors in aquatic organism populations (PAERL et al. 1998 ). Fish exposed to hypoxic conditions also have reduced developmental rates (TAYLOR & MILLER 2001) . Stress leads to generation of free radicals, such as O 2 -and HO. These free radicals can damage cell membranes by inducing lipid peroxidation of polyunsaturated fatty acids in the cell membrane (SORG 2004) . ZOOLOGIA 29 (2): 99-108, April, 2012
Salmonid tissues are characterized by high concentrations of polyunsaturated fatty acids compared with most mammalian tissues, and fish may, therefore, be particularly susceptible to lipid peroxidative cellular damage (GÜLÇIN et al. 2009 ). There follows a consequent loss of cellular homeostasis and membrane integrity, which subsequently leads to cellular degradation and death. Antioxidant matters added to diet in order to support the protective activity of the antioxidant defense systems have a vital role (SEVEN et al. 2010) . It is known that vitamin E show antioxidant characteristics to the oxidants in the cell membrane and another compound in the structure of propolis, caffeic acid phenethyl ester (CAPE), blocks the production of reactive oxygen types (SEVEN et al. 2010 , HOSNUTER et al. 2004 . Vitamin E (␣-tocopherol) function as biological antioxidants to protect cellular macromolecules (DNA, protein, lipids) and other antioxidant molecules from uncontrolled oxidation by free radicals during normal metabolism or under the conditions of oxidative challenge such as infection, stress, and pollution (HUANG & HUANG 2004 , RUFF et al. 2002 . Survival of fish fed the vitamin E supplemented diets was higher in general. Vitamin E functions as a lipid-soluble antioxidant protecting biological membranes and lipoproteins against oxidation, and it has been demonstrated to be an essential dietary nutrient for all fish studied (NRC 1993) . High vitamin E content in tissues would inhibit tissue lipid peroxidation (MURATA & YAMAUCHI 1989 , FRIGG et al. 1990 , SAU et al. 2004 . Similar trends have been reported in rainbow trout (FRIGG et al. 1990 ), turbot (STEPHAN et al. 1995 , sea bass (GATTA et al. 2000) , and Atlantic halibut (RUFF et al. 2002) . These reports indicated that the higher vitamin E consumption by the fish, the greater vitamin E concentrations in fish tissue, thus resulted in lower lipid peroxidation. They also determined that both liver and muscle vitamin E contents increased when dietary vitamin E level increased and lipid peroxidation in tilapia tissues was significantly influenced by the dietary vitamin E level. Results from the our study are in consistent with previous studies where the dietary supplementation of vitamin E at elevated levels increased the concentration of tocopherol and decreased lipid peroxidation in serum of fish.
In our study, it was observed that serum MDA levels of fish were positively affected by dietary supplementation of 60 mg vitamin E, followed by dietary supplementation of 30 g propolis in both stressed and unstressed fish. According to the Figure 2 . Effects of dietary supplementation with propolis and vitamin E on tissues (muscle, kidney and liver) vitamin A, C and E concentrations in juvenile rainbow trout reared at two flow rate treatment (2.1 and 0.9/l min) during the 12 week experiment. Data are presented as means ± SE (n = 3 replicates). A Student's ttest was used to test for different flow rate treatment effects (p > 0.05).  2.1 l/min,  0.9 l/min. findings of this study, it was shown that propolis had possitive effect on oxidative stress and decreased MDA levels in plasma in accordance with other research. As shown in previous studies (ATES et al. 2006 , TATLI SEVEN et al. 2009 ), MDA levels increased when the lipid peroxidation was formed. According to current study, it was thought that propolis addition was effective in decreasing the adverse effect of lipid peroxidation and would show similar antioxidant effects as Vitamin E (OKONENKO et al. 2006) . KASHKOOLI et al. (2001) reported that dietary propolis supplementation unaffected growth performance of propolis supplementation in rainbow trout. AZZA & EL- RAHMAN (2009) observed that propolis supplementation caused significantly effects on growth performance in Nile tilapia, Oreochromis niloticus (Linnaeus, 1758). In our study, two antioxidants (vitamin E and propolis) significantly decreased negative effects resulting from low flow stress on FCR. But propolis and vitamin E suplamentation did not effect on CF and PER in stressed and unstressed groups. These different effects of propolis may be due to the dose and different fish species used or relate to the study condition (stressed and unstressed). Propolis supplementation is used in poultry diets ) in diet protected vitamin C concentrations in tissues. The similar effects of propolis on vitamin C in stress conditions was reported by TATLI .
Obviously, SOD is an important enzyme family in living cells for maintaining normal physiological conditions and coping with stress (CHEN & PAN 1996) . Antioxidant defenses in fish are depend on feeding behavior and nutritional factors. In addition, environmental conditions and seasonal changes have been reported to influence antioxidant defenses of fish (MARTÍNEZ-ÁLVAREZ et al. 2005) . PALACE et al. (1993) observed that SOD activity in the tissues of rainbow trout fed with ␣-tocopherol deficient diet increased. Similar results were also reported in hybrid tilapia (HUANG & HUANG 2004 ) fresh water pawn (DANDAPAT et al. 2000) . In our study was observed that the addition of 60 mg/kg vitamin E significantly decreased the plasma SOD activity compare to the other groups at optimal flow rate, but significant differences were not observed the plasma SOD activities of fish exposed to low flow rate treatment.
SOD activity of 60 mg vitamin E added group was lower compared to other groups at 2.1 l/min flow rate treatment (optimal flow rate). However, some studies have reported a decrease (WOHAIEB & GODIN 1987 , OZKAYA et al. 2002 while others have reported an increase in SOD activity in case of lipid peroxidation such as SOD in lipid peroxidation (HUANG et al. 1999 , ALICIGUZEL et al. 2003 . In a study where the effect of CAPE were investigated on antioxidant enzym activity in rats exposed to cold stres. It was determined that cold stress significantly decreased SOD antioxidant enzym activity (ATES et al. 2006) . Similary, in our study, it was determined that the plasma SOD activity significantly decreased in juvenile rainbow trout exposed to low flow rate treatment.
In conclusion, dietary supplementations (vitamin E and propolis) of juvenile rainbow trout with antioxidants alleviated the flow stress-induced oxidative damages. Two antioxidants (vitamin E and propolis) significantly decreased the negative effects of flow stress on FCR. Moreover, propolis supplementation (30 g/kg diet) was more effective on FCR, vitamin C concentration and repressive effect of serum MDA level, while vitamin E supplementation (60 mg/kg diet) was more effective in preventing lipid peroxidation in serum. Additionally, vitamin E supplementation also decreased the SOD activity level in plasma and improved vitamin E concentration in Figure 3 . Effects of dietary supplementation with propolis and vitamin E on plasma SOD activity and serum MDA level of juvenile rainbow trout reared at two flow rate (2.1 and 0.9/l min) during the 12 weeks. Data are presented as means ± SE (n = 3 replicates). A Student's t-test was used to test for different flow rate treatment effects (p < 0.05).  2.1 l/min,  0.9 l/min.
ZOOLOGIA 29 (2): 99-108, April, 2012 serum at 2.1 flow rate. Propolis can be used an antioxidant in rainbow trout as Vitamin E. Using 30 g/kg of propolis supplementation in juvenile rainbow trout diets may relieve the adverse effect of lipid peroxidation on the antioxidant defense system. To summarize in our study demostrated that long term low flow rate caused oxidative stress in juvenile rainbow trout. As results of the oxidative stress; (I) FW, CF, FCR and PER values decreased (II) A, C ve E vitamin concantrations decreased in serum (III) MDA level increased in serum (IV) SOD enzym activity decreased in plasma. Further studies should be carried out to determine the effect of propolis on protection of oxidative-antioxidative balance mechanism of aquatic animals under various stress factors.
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